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Background: The role of glucan in the stimulation of immune reactions is well established. In our report, we focused

on the effects of orally administered glucan on nonspecific immunity of children with chronic respiratory problems.

Materials and methods: We measured the levels of albumin, lysozyme. C-reactive protein (CRP) and

calprotectin in the saliva of 60 children ages 8-12 years and evaluated the effects of 30-day treatment with 100 mg/d

oral dose of glucan.

Results: We found a significant increase in the production of lysozyme, CRP and calprotectin in glucan-treated

children.

Conclusions: Short-term oral application of natural immunomodulator B-glucan significantly stimulated

mucosal immunity of children with chronic respiratory problems.
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Introduction

More and more studies confirm that environmental pollution
is connected to health problems, particularly respiratory
problems. The most damaging factors include extreme
urbanization, an increase in energy consumption (through
pollution from power stations), burning of low quality coal in
houses, pollution from petrochemical industry and most of
all, an extreme increase of use of motor vehicles (1-4).

North Bohemia still represents the locality with the
highest pollution in the middle Europe and the nickname
“black spot of Europe” is unfortunatelly still valid. One
of the results of these conditions is the high prevalence
of various diseases, particularly in children suffering
with repeated infections (4), rhinoconjunctivitis, chronic
bronchitis, chronic obstructive lung diseases and asthma.
In order to improve clinical manifestation of the medical
problems mentioned above, two things are necessary:
correct diagnosis and the transfer of children from high risk
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areas into medical facilities localized in environment with
minimal environmental stress.

In order to evaluate these effects and the possible effects
of glucan treatment, we have long-term cooperation with
Sanatorium for Respiratory Diseases Edel, which is located
in North Moravia in an area of extremely low airpollution.
This Ssanatorium offers not only optimal therapeutic
treatment, but also a complexity of additional treatments,
including speleotherapy, which is a good addition to
climatotherapy. A minimal 30-day stay at the sanatorium
also includes high quality nutrition with a solid content of
antioxidants (5-7).

As a part of long-term observation, randomly selected
groups of children with respiratory problems were
treated with orally administered B-glucan in the hope of
positively influencing inflammation and improving clinical
manifestation of the disease.

B-glucans belong to a group of biologically active natural
compounds. Glucans represent highly conserved structural
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components of cell walls in fungi, yeast, and seaweed.
Generally, B-glucan is a chemical name of a polymer of
B-glucose and exists as a homopolymer of glucose having
a linear molecule with (1-3)-B-D-glycosilic linkages or
a branched one with side chains bound by (1-6)-B-D-
glycosilic linkages.

Extensive research in the last decade introduced four new
types of glucan with improved purities and effectiveness that
significantly stimulate several types of immune reactions
oriented against microbes, toxic factors, cancer and other
influences (8-10). Additional studies showed strong effects
on hypertension, cholesterol levels, and arthritis (11).

During the past 30 years, several forms of mushroom-
derived B-glucan have been approved in Japan for treatment
of cancer patients (12). In most other countries, glucan is
still only a natural supplement. However, extensive research
is now devoted on the use of glucan in clinical practice,
including numerous clinical trials (5-7,13).

Four parameters, (I) salinary levels of lysozyme; (II)
C-reactive protein (CRP); (III) albumin and (IV) calprotectin,
were used for the evaluation of acute inflammatory response
and the quality of nonspecific immunity in children. The
reason for using these parameters is the fact that salivary
sampling is nonagressive, fast and a well standardized
technique that does not require the presence of highly
qualified personnel. At the same time, saliva offers testing on
a wide range of immunological parameters (2-4,14-18).

Salivary lysozyme is produced by salivary glands (the
highest production can be found in submandibular glands)
and by neutrophil granulocytes (19). Its enzymatic effects
are oriented mostly against G-positive microorganisms
via damaging their peptidoglycans. Some studies suggest
antiviral effects. In many cases, bactericidal effects of
lysozyme are independent of its enzymatic activity (15,19).
Lysozyme levels are most likely influenced by the level of
stress (16). High levels suggest bacterial, viral and/or yeast
infection (19).

CRP is an acute inflammation protein, registering
inflammatory response (20,21). Higher levels can be
found in saliva of children suffering from gingivitis and
periodontitis (22). CRP gets into the saliva both by active
transport and by difusion, but is also produced locally
by salivary glands (16,17). Its major role in nonspecific
immunity is its ability to bind phosphocholin, to bind
phospholipids from damaged cells and to recognize
pathogen with resulting activation of the classical
complement pathway with Clq component serving as an
opsonin (20).
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Salivary albumin is an indicator of appearance of
plasmatic proteins in the oral cavity (22). Changes in its
levels signal local immune response to the environmental
stress (2). Even when albumin represents negative protein
of an inflammatory reaction, in saliva, its levels actually
increase during inflammation (16).

Pleiotropic function of calprotectin is mostly connected
with antiinflammatory reactions including both antimicrobial
mechanisms and Th1-mediated response (23). Calprotectin
was originally described as antimicrobial protein present in
plasma of neutrophils (23-25). Later studies suggested that
calprotectin is a promising indicator of inflammation or an
indicator of various immune processes taking place in an
organism (26,27). Calprotectin is also important as a barrier
forming antimicrobial shield (25). Decrease in calprotectin
levels leads to reduction of natural immune reactions and
to higher sensitivity to infections (25,27,28). It serves as a
strong antiinflammatory chemoattractant of neutrophils
and monocytes, but at the same time can directly destroy
microorganisms (25). Some studies suggested induction of
apoptosis, which can be stopped by the addition of zinc.
Inhibition of microbial growth in the organisms results
from competition between calprotectin and bacteria for
zinc (27). Sensitivity and dynamics of calprotectin levels
occurrs before changes in CRP levels (27,28) and in saliva,
the levels of calprotectin do not correlate with the levels of
CRP (28). However, calprotectin is comparable to CRP in
its ability to recognize viral and bacterial infections and has
positive effects on affected organs (27,28).

As we tried to gain better information about immune
mechanisms taking place in a selected population of
children treated with climatotherapy and supplemented
with B-glucan, we evaluated a broad spectrum of parameters
of nonspecific immunity.

Materials and methods
Protocol

A randomized, double-blind, placebo-controlled trial
compared B-glucan #300 and placebo in children. From
sixty children we used 56, as 4 did not spend a full 30 days
in the sanatorium. These children were randomly divided
into placebo (C) group (12 females, 15 males, age 5-15,
average 10.0+2.67) and glucan supplemented (GL) group
(13 females, 16 males, age 7-11, average 9.7+2.04). Subjects
were randomly assigned to groups which were blinded
to intervention. During the intervention period, subject
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Figure 1 Effects of 4-week oral administration of glucan
(100 mg/day) on albumin levels in saliva. GL1 represents glucan
group at day 1, GL2 at day 30. C1 represents control (placebo)
group at day 1, C2 at day 30.

consumed 100 mg/d of B-glucan or placebo. Both glucan
and placebo capsules looked identical. The whole study
was performed at the Sanatorium for Respiratory Diseases
EDEL (Zlate Hory, Czech Republic), where the children
were enrolled in a 30-day trial. The study was approved by
the Ethics committee of the Public Health Institute and
Sanatorium Edel Czech Republic. This study was performed
in agreement with Helsinki declaration (revised version
2000.09.01) and in full agreement of rules for clinical testing
for the Czech Republic. Parental consent was given in all
cases. Throughout the entire stay, the children were under
regular supervision by medical staff.

Glucan

Yeast-derived insoluble glucan #300 were purchased from
Transfer Point (Columbia, SC). This glucan is over 85% pure.

Saliva collecting

In all subjects we obtained saliva at the beginning of the
study and at the conclusion of their stay in Sanatorium. We
used identical times (between 8 and 9 AM) for sampling,
so the possible influence of circadian rhythms could
be eliminated. Saliva was collected using a commercial
Salivette device (Sarstead, Orsay, France). A cotton swab
was added into a sterile container and centrifuged at 1,000 g
for 5 minutes and stored at —20 °C (2,5,16).

Quantification of salivary proteins

We measured the levels of albumin, and CRP using
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Figure 2 Effects of 4-week oral administration of glucan
(100 mg/day) on lysozyme levels in saliva. GL1 represents glucan
group at day 1, GL2 at day 30. C1 represents control (placebo)
group at day 1, C2 at day 30.

nephelometer Siemens BN II as suggested by the
manufacturer. Lysozyme was measured using photometer
Dynex MRX (The Microtiter Comp.) using egg lysozyme
as a standard. Calprotectin was measured using material and
system Buehelman Switzerland Quantum Blue.

Statistical analysis

Statistical significance was evaluated by a Wilcoxon pair
t-test using a GraphPad Prism 5.04 software (GraphPad
Software, USA). Statistical significance between individual
groups used a P<0.05 level.

Results

In all starting values (day 1), no significant differences
between control (C) and GL groups were found. Placebo
group also showed no differences between day 1 and day 30.
On the other hand, in the GL group, significant changes in
levels of albumin, lysozyme and calprotectin were found. In
the case of CRP, the changes were not statistically significant.

Figure I summarizes our findings of the level of albumin.
Significantly lower levels of albumin strongly suggest
reduction of inflammatory irritation in glucan-treated
children. Similar data were found in case of lysozyme
(Figure 2). Figure 3 suggests a decrease of the CRP levels in
glucan supplemented children, but these changes are not
statistically significant.

The strongest effects were found in case of calprotectin
(Figure 4). On one hand, the level of calprotectin significantly
decreased in the glucan group. On the other hand, we found
an unsignificant, but still visible increase of calprotectin. The
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Figure 3 Effects of 4-week oral administration of glucan
(100 mg/day) on CRP levels in saliva. GL1 represents glucan
group at day 1, GL2 at day 30. C1 represents control (placebo)
group at day 1, C2 at day 30. CRP, C-reactive protein.
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Figure 4 Effects of 4-week oral administration of glucan
(100 mg/day) on calprotectin levels in saliva. GL1 represents
glucan group at day 1, GL2 at day 30. C1 represents control
(placebo) group at day 1, C2 at day 30.

Table 1 Mean concentration and statistical significance between all groups of albumin, lysozyme, CRP and calprotectin in saliva of

children at baselina (day 1) and after completion of oral administration of glucan (day 30)

C1n=27 C2 n=27 GL1 n=29 GL2 n=29 P (C2:GL2)
Albumin 54.95+3.01 66.01+2.79 52.23+3.37 40.73+2.58 P<0.0123
Lysozym 5.56+3.63 5.94+4.35 5.21+4.04 3.23+3.54 P<0.025
CRP 5.04+1.51 5.58+2.12 5.91 +2.61 5.06+1.57 P<0.3758
Calprotectin 51.29+2.09 64.57+2.22 52.11+2.16 41.4+1.54 P<0.015

GL1 represents glucan group at day 1, GL2 at day 30. C1 represents control (placebo) group at day 1, C2 at day 30. CRP, C-reactive protein.

Table 2 Statistical differences between individual groups

C1:C2 GL1:GL2 C1:GL1 C2:GL2
Albumin 0.4012 0.0123 0.9518 0.037
Lysozym 0.8516 0.0401 0.8078 0.025
CRP 0.4953 0.4371 0.407 0.375
Calprotectin 0.1979 0.013 0.8126 0.015

GL1 represents glucan group at day 1, GL2 at day 30. C1
represents control (placebo) group at day 1, C2 at day 30.
CRP, C-reactive protein.

intensity of changes is particularly pronounced when we
compare the levels at the end of the study, where the results
were significant at the P<0.015 level. All these findings were
accompanied by pronounced improvements in the general
physical health of tested individuals. Zazbles I and 2 summarize
the obtatained values and all statistical parameters.

Discussion

Salivary defense factors, including factors such as CRP
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and lysozyme, represent a significant part of mucosal
immunity—particularly in immunodeficient patients (29)
and children prone to respiratory infections (30). In this
study we increased the experimental group described
previously (6-8). Data obtained from this enlarged group
confirmed our original data and again showed significant
effect of B-glucan treatment. CRP levels, higher levels of
which document more accute inflammation than persisting
long-term inflammatory pressure (16,20). Strong effects
of B-glucan on lysozyme levels demonstrate significant
effects on bacterial infections and reduction of chronic
inflammation. This is shown by average levels of albumin.
The decrease of these levels again reflects reduction of
inflammation and lower transduction of this protein from
capillaries to the saliva.

Compared to our previous findings, we found an
increase in albumin levels in control group, which reflects
the fact that this particular group of children came to the
Sanatorium with higher inflammatory load, most probably
caused by worse climatic and environmental conditions
from children’s homes, where the pollution is significantly
worse during spring and fall (6-8,18). These findings
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are further supported by the dynamics of the changes
in calprotectin levels, where in control group we again
found small increase, but the B-glucan treatment caused
strong decrease in the level of calprotectin, which can be
considered to be the most important finding of our study.
We found that correlation of albumin and calprotectin
levels is almost linear. No such correlation has been found
in other tested proteins.

The dynamics of these changes show significant
antimicrobial effects of glucans (31) which offers strong
protection by acting as an endogenous ligand of the
TLR4 receptor and increases all facets of an antiinfectious
response (23).

Repeated study using new groups of children offered
a possibility to verify the optimal dose of B-glucan, as
several factors such as age, sex and weight influence its
required dose, particularly in case of physical load (32). We
believe that an increase in spectrum of natural immunity
parameters offered better evaluation of effects of B-glucan
in children with respiratory problems. We have confirmed
the previous data showing that of B-glucan treatment has
positive stimulatory effect on mucosal immunity. Based
on our results we can conclude that glucan administration
might be considered to be a highly promising and at the
same time inexpensive method in the treatment of chronic
respiratory problems in children.
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